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Abstract
In this work we study the contribution of the charm resonances to the process

B ->» K(*)I+]- which arise through intermediate charmonia via B -> K(*)I+l-. We give
estimates of the color-octet contribution to the decay and calculate the hard and soft
spectator corrections in the soft-coilinear effective theory and the potential non-relativi
stic QCD framework, which models the quarkonium as a coulomb bound state,

The short distance corrections to the sb cc vertex of order O(v"2as) to the S-wave
quarkonium vectors are also presented for the first time. We discuss effects how these
corrections affect observables of B -» K(*)I+l- which are being measured at collider

experiments.

Introduction

B physics has brought us great tools to search for indirect evidence of new physics.
One of the most impressive constraint is the b -> s gamma constraint, which has been
determined up to the several 10% level experimentally and theoretically. One expects
b -> sll or its hadronic partner B -> K(*)I+]- to fullfill a similar role in the future.
Impressive measurements of B -» K(*}i+l- were performed with LHCb, CDF, Belle
and BaBar. With the LHCb showing the most precise measurement at only 1.0 fb"(-1)},
we can expect these observables to be quite accurately measured in the future.

On theoretical side in the last 10 years frameworks have been developed to handle the
large recoil region (i.e. for a small invariant dilepton mass) in the soft-collinear effect
ive theory (SCET) approach., On the other hand for the low recoil region (i.e. a very
large invariant dilepton mass) an operator product expansion formalism was introduced

by Grinstein et. al and expanded by Bobeth et al..

For the invariant dilepton mass approaching the J/y and y' masses, resonance effects
become important. However, an appropriate formalism to treat this resonances is still
missing. As seen in the plots of B -» K(*)I+l- at present in the experimental analysis
one usually drops the data of the region where the charmonium resonances contribute.
As new data is constantly accumulated by LHCb, a full experimental analysis of the
differential branching width over the whole range of invariant lepton mass will soon
be feasible, and accordingly it will be necessary to improve the theoretical prediction
in the resonance region. In this work we hence focus on this resonance region where
s 5 M_{JAy,y'}"2, which lies right between these two regions where theoretical
frameworks were developed. Previous studies used the naive factorization approach,
which models the cc resonances as vector particies which do not exchange gluons

with the sb vertex.
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The problem of this approach is that it yields a branching ratio
Br(B -» K(*)I+l-) = Br(B -> K(")V)Br(V -»I+1-) which, depending on the resonance,

is too small by a factor of 1.5-4,

This is usvally only manually rectified by introducing an adhoc fudge factor in the pr
opagator to correct for this shortcoming. It is the purpose of our study to calculate

the corrections to the naive factorization and to empirically study its effects on observ
ables in decays like B -> K(*)I+]l- and to provide estimates for various categories of

higher order effects in the resonance region.

In Chapter 2 we discuss the methods currently employed to treat the resonance effects
and the heavy-to-light current sb. Chapter 3 introduces the formalism of Potential
Non-relativistic Quantum Chromodynamics (PNRQCD) and Soft Collinear Effective
Theory (SCET) in which we will treat the resonances. In Chapter 4 we introduce the
PNQRCD/SCET operators needed for our calculation up to O(v*2us) and confirm that
our formalism reproduces the naive factorization result at the leading order,

while Chapter 5 presenis the one-loop correction to the B -> K(*)V vertex,

Chapter 6 show our results, while Chapter 7 discusses the experimental observables
and performs a numerical analysis on them. We conclude in Chapter 8 and deal leavet
he more complicated calculations to the Appendices.

Conclusion

In this work we calculated corrections to the naive factorization of the process

B -> K(*}V->I+1-) in the framework of PNRQCD/SCET. Utilizing this framework first
applied in Beneke, Vernazza et al. for B mesons into P-waves and the K meson

(i.e. B -» K*V), we derived for the first time estimations of the corrections to the
naive factorization in B -> K(*)(J/y,y'). We calculated the O(v~2us) short distance
corrections to the vertex sb cc, and the long distance contribution of the color-octet.
We showed that IR divergencies of O(v"2us) of the short distance corrections cancel
with UV divergencies of the long distance color-octet contribution. UV divergencies in
the long distance color-octet contribution of order us still remaining after this
cancellation are expected to cancel by the 3-loop O(us”3) hard vertex contribution

which were not calculated and are left as work for the future.

We found that the color-octet contribution o the vertex is finite only for the K%
vector meson, while it is zero for the K meson, Its contribution leads to an imaginary
part only for lepton invariant masses above the J/y mass treshold and is hence very
small. For the overall size of the corrections, we found the color-octet contribution
and the hard vertex correction of O(v”2as) to beonly a few percent of the tree-level
contribution and therefore guite small. The largest contributions were the hard vertex
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contributions of Ofus), as well as the soft spectator interaction, which both give contri
butions of the order of the tree-level

Furthermore, both the hard vertex and the soft spectator contribution were found to
yield a sizeable imaginary part. The overall contribution is too big for the results

we have from experiments for B -> K*(J/y,y"), while for B -> K(J/y,y') they yield
the correct order. This suggest that other corrections, most likely higher order hard
spectator scattering and hard vertex contributions of O(as”2) not calculated in this

work are expected to change the current result.
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